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Abstract: The linear active disturbance rejection control for the second order linear time invariant plant is investigated
from the viewpoint of pole placement and root locus. A new transfer function block diagram is proposed. Based on the
diagram, the parameter tuning of linear active disturbance rejection control is interpreted as a closed-loop pole placement
problem, while tuning of controller bandwidth and observer bandwidth is viewed as open-loop poles and zeros assignment.
It is proposed to investigate linear active disturbance rejection control with root locus. With analyzing root loci, it quali-
tatively illustrates the reason why the observer bandwidth can equal to the controller bandwidth and the the robustness of
linear active disturbance rejection control subjects to the plant’s parametric uncertainty.
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1 引言(Introduction)
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2 问题描述和 LADRC (Problem formulation
and LADRC)
考虑线性定常二阶对象8<: _x1 = x2;_x2 =  a2x1   a1x2 + bu; (1)
y = x1; (2)
其中: x1; x2是系统状态,而u和y分别是输入和输出.




ing differentiator, TD)由参考信号r生成信号v1; v2. 本
文不讨论TD,仅假设v1; v2满足
_v1 = v2; (3)
lim
t!+1
(r   v1) = 0: (4)
由于系数a1; a2未知, LADRC引入扩张状态
x3 =  a2x1   a1x2;
并将式(1)–(2)改写为8>><>>:
_x1 = x2;
_x2 = x3 + bu;
_x3 = _x3;
(5)
y = x1; (6)
然后为式 (5)–(6)建立线性扩张状态观测器 (linear
expansion state observer, LESO)
8>><>>:
_^x1 = 1(y   x^1) + x^2;
_^x2 = 2(y   x^1) + x^3 + bu;
_^x3 = 3(y   x^1);
(7)





[l2(v1   x^1) + l1(v2   x^2)  x^3]; (8)
其中系数 l1; l2待定. 系统(1)–(2)、LESO(7)和控制器
(8)就组成了LADRC.
3 LADRC参 数 整 定 的 极 点 配 置 解 释
(Pole placement interpretation of parameters
tuning of LADRC)
3.1 LADRC的 新 框 图 (New block diagrams of
LADRC)
记LESO的误差为~xi = xi   x^i, i = 1; 2; 3,有8>><>>:
_~x1 =  1~x1 + ~x2;
_~x2 =  2~x1 + ~x3;
_~x3 =  3~x1 + _x3:
(9)
令
~r= l2v1 + l1v2;
 = l2~x1 + l1~x2 + ~x3; (10)





















_~x1 =  1~x1 + ~x2;
_~x2 =  2~x1 + ~x3;
_~x3 =  3~x1 + _x3;
 = l2~x1 + l1~x2 + ~x3:
这两个子系统有如图1所示的反馈互联结构.
图 1 LADRC中的反馈互联结构
Fig. 1 A feedback structure in LADRC
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考虑到Hc中从 e到 _x3,Ho中从 _x3到,以及Hc中
从 _x3到y分别有传递函数
Hc(s) =  s(a1s+ a2)
s2 + l1s+ l2
;
Ho(s) =
s2 + (1 + l1)s+ 1l1 + 2 + l2












































Hc(s)Ho(s); a1 6= 0;
  1
a2
Hc(s)Ho(s); a1 = 0;
而
k =








Fig. 3 To re-draw Fig. 2 to unit negative feedback form
4 观测器带宽可以等于控制器带宽的原因
(The reason why observer bandwidth can eq-




l1 = 2!c; l2 = !
2
c ; (11)
1 = 3!o; 2 = 3!
2
o; 3 = !
3
o (12)
生成参数l1, l2和1, 2, 3. 文[13]中,令
!c = !o;
取得了良好的效果.本节对此予以定性解释.
假定对象(1)中有a1 > 0且a2 > 0,比较下面3种
情况的根轨迹图:
A) 选择
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如果a2 = 0,则z2 = z1,两个零点重合, L0(s)在原点
有一个二重零点.
对于情况A)和B), L0(s)有二重极点
p1 = p2 =  !c (15)
和三重极点
p3 = p4 = p5 =  !o; (16)
以及一对复零点
z3;4 =




























遇后才分离. 同时可以看出, 3种情况下, k = a1时的
闭环极点位置也差别不大.











图 4 情况A)的根轨迹图,其中: !c = 80, !o = 110,
a1 = 3:085, a2 = 100
Fig. 4 The root locus of Case A), in which !c=80, !o=110,
a1 = 3:085, a2 = 100
图 5 情况B)的根轨迹图,其中: !c = 110, !o = 80,
a1 = 3:085, a2 = 100
Fig. 5 The root locus of Case B), in which !c=110, !o=80,
a1 = 3:085, a2 = 100
图 6 情况C)的根轨迹图,其中: !c = !o = 80,
a1 = 3:085, a2 = 100
Fig. 6 The root locus of Case C), in which !c = !o = 80,
a1 = 3:085, a2 = 100

























5.1 对参数a1的鲁棒性(Robustness for the param-
eter a1)
在a1 > 0时, a1就是图3中的根轨迹增益k. 按文
[13]中参数,取a2 = 0, !o = !c=100,用MATLAB作
图3的根轨迹图,并将






图 7 a1对闭环极点位置的影响,其中: !c = !o = 100,
a2 = 0
Fig. 7 The influence of a1 to the locations of closed-loop
poles, in which !c = !o = 100, a2 = 0
5.2 对参数 a2的鲁棒性 (Robustness for the para-
meter a2)




数,取a1 = 3:085, !o = !c = 100,令









!c = !o = 100, a1 = 3:085, a2 = 0; 100
Fig. 8 The influence of a2 to root loci and locations of
closed-loop poles, in which !c = !o = 100,
a1 = 3:085, a2 = 0; 100
5.3 参数a1和a2同时改变时的鲁棒性(Robust-
ness when a1 and a2 varying simultaneously)
根轨迹还能分析参数a1, a2同时改变时LADRC的
鲁棒性. 例如,假定对象参数从
a1 = 3:085; a2 = 100;
变化至
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